Recent findings suggest that extrasynaptic δ-subunit-containing GABA A receptors are sensitive to low-to-moderate concentrations of alcohol, raising the possibility that these receptors mediate the reinforcing effects of alcohol after consumption of one or a few drinks. We used the technique of viral-mediated RNAi to reduce expression of the GABA A receptor δ-subunit in adult rats in localized regions of the nucleus accumbens (NAc) to test the hypothesis that δ-subunit-containing GABA A receptors in the NAc are necessary for oral alcohol consumption. We found that knockdown of the δ-subunit in the medial shell region of the NAc, but not in the ventral or lateral shell or in the core, reduced alcohol intake. In contrast, δ-subunit knockdown in the medial shell did not affect intake of a 2% sucrose solution, suggesting that the effects of GABA A receptor δ-subunit reduction are specific to alcohol. These results provide strong evidence that extrasynaptic δ-subunitcontaining GABA A receptors in the medial shell of the NAc are critical for the reinforcing effects of oral ethanol. 4,5,6,7-tetrahydroisoxazolo[5,4-c]pyridin-3-ol (THIP) enhances the acquisition of alcohol consumption in laboratory rats (6), whereas the opposite effect, a reduction of alcohol self-administration, is observed after administration of the GABA A R antagonists Ro15-4513 or picrotoxin (7-9).
Recent findings suggest that extrasynaptic δ-subunit-containing GABA A receptors are sensitive to low-to-moderate concentrations of alcohol, raising the possibility that these receptors mediate the reinforcing effects of alcohol after consumption of one or a few drinks. We used the technique of viral-mediated RNAi to reduce expression of the GABA A receptor δ-subunit in adult rats in localized regions of the nucleus accumbens (NAc) to test the hypothesis that δ-subunit-containing GABA A receptors in the NAc are necessary for oral alcohol consumption. We found that knockdown of the δ-subunit in the medial shell region of the NAc, but not in the ventral or lateral shell or in the core, reduced alcohol intake. In contrast, δ-subunit knockdown in the medial shell did not affect intake of a 2% sucrose solution, suggesting that the effects of GABA A receptor δ-subunit reduction are specific to alcohol. These results provide strong evidence that extrasynaptic δ-subunitcontaining GABA A receptors in the medial shell of the NAc are critical for the reinforcing effects of oral ethanol.
addiction | reward | self-administration | tonic inhibition G ABA A receptors (GABA A Rs) have long been considered a primary target for alcohol actions, including the voluntary consumption of alcohol (1) (2) (3) (4) (5) . For example, treatment with the GABA A agonist 4,5,6,7-tetrahydroisoxazolo [5,4-c] pyridin-3-ol (THIP) enhances the acquisition of alcohol consumption in laboratory rats (6) , whereas the opposite effect, a reduction of alcohol self-administration, is observed after administration of the GABA A R antagonists Ro15-4513 or picrotoxin (7) (8) (9) .
GABA A Rs are pentamers assembled from a variety of subunits to form multiple isoforms that are likely to differ in their alcohol sensitivity (10) . Although many GABA A R subunit combinations can be activated by high (anesthetic) alcohol concentrations (11) , only specific GABA A R subunit combinations, specifically those containing a δ-subunit, appear to be sensitive to alcohol concentrations in the lower range of blood alcohol levels associated with mild to moderate intoxication in humans (12) (13) (14) (15) . For example, recombinant α 4 βδ and α 6 βδ GABA A Rs are reported to be sensitive to 3-30 mM concentrations of alcohol (12, 14, 16) . Interestingly, δ-subunit-containing GABA A Rs are exclusively located at extrasynaptic locations (17) (18) (19) , where they give rise to a tonic form of inhibition that potently suppresses neuronal excitability. A number of studies have shown that alcohol at low concentrations acts through extrasynaptic δ-containing GABA A Rs to increase tonic inhibition (20) (21) (22) (23) (24) .
The above findings suggest that actions at extrasynaptic δ-containing GABA A Rs could be critical for a variety of cognitive and behavioral effects of consumed alcohol, including anxiolysis, behavioral tolerance, and rewarding and reinforcing effects. However, δ-subunit knockout mice, and the related α 4 -subunit knockout mice, demonstrate relatively few alterations in the effects of alcohol in vivo. For example, the effects of acute alcohol administration on measures of anxiety, hypothermia, and sedation are not altered in these mice (25, 26) . In contrast, δ-subunit knockout mice drink less than their wild-type counterparts (25) .
Thus, δ-containing receptors may be involved in rewarding and reinforcing effects of alcohol.
The δ-subunit is expressed in subregions of the thalamus, cortex, and hippocampus as well as in the dorsal and ventral striata, specifically in the nucleus accumbens (NAc) (27, 28) . The NAc is a critical component of the circuitry that underlies the rewarding and reinforcing effects of alcohol and other drugs (29) (30) (31) . Recently, we found that selective reductions in the expression of the GABA A R α 4 -subunit in the NAc shell, but not the core, reduces alcohol self-administration (32) . This finding supports a role for the extrasynaptic α 4 βδ GABA A R in the reinforcing effects of alcohol.
Although GABA A R α 4 -subunits normally partner with δ-subunits to form extrasynaptic α 4 βδ receptors, recent findings indicate that alcohol can alter the distribution of the α 4 -subunit, with a shift to synaptic sites after high doses or chronic administration (33, 34) . Therefore, it is of interest to determine the role of the δ-subunit, which is exclusively extra-or perisynaptic, in alcohol intake. Here we used viral-mediated RNAi (35) (36) (37) to achieve reductions in the expression of the δ-subunit mRNA in specific regions of the NAc in the adult rat. The NAc can be subdivided into the shell and the core. The shell can be further subdivided into at least three subregions-a medial, ventral, and lateral shell (38)-based on findings from immunohistochemical and tract-tracing studies. Therefore, we determined whether reductions in δ-subunit expression in the NAc shell produced subregion-specific effects. Our results indicate that δ-subunit-containing GABA A Rs contribute to the reinforcing effects of alcohol, and that this effect is localized to the medial subregion of the NAc shell.
δ mRNA and protein would be decreased at this time because our previous studies indicated that effects induced by this adenovirus on other genes [α 4 -subunit (32); BDNF (37) ] are transient, with an effective time window of <2 wk, beginning around day 10 for both mRNA and behavioral changes. Notably, in our prior studies, peak behavioral changes have occurred ∼17-18 d after virus infusion (32, 37) . Fig. 1A shows representative examples of the localization of virus into the medial, ventral, or lateral zones of the NAc shell as indicated by GFP fluorescence in brain slices taken 18 d after infusion. As shown in Fig. 1B , virus infection is detected in NAc shell neurons, whereas a relatively low level of infection is seen in glia. In addition, we found decreases in GABA A R δ-subunit mRNA (P < 0.01; Fig. 1C ) and protein (P < 0.05; Fig. 1D ) levels in the NAc shell 18 d after Ad-shδ infusion compared with infusion of a control virus expressing a nonspecific sequence (termed Ad-NSS) and predicted to have no effect. If an extrasynaptic δ-containing GABA A R, such as the α 4 βδ GABA A R, is required for the reinforcing effects of orally consumed alcohol, then reduction of the expression of the δ-subunit should reduce alcohol intake. We tested the effects of knockdown of the δ GABA A R subunit on alcohol intake by infusing Ad-shδ or Ad-NSS into the medial NAc shell of alcohol-experienced rats. We targeted the medial NAc shell because we previously found that α 4 reductions in this region reduced alcohol intake (32) . At 5 d after viral infusion, rats were allowed access to alcohol [20% (vol/ vol) ethanol (20E)] on the home cage under an intermittent-access schedule in which a bottle of 20E and a second bottle, containing tap water, were available for 24 h on Mondays, Wednesdays, and Fridays only. This schedule leads to alcohol intake sufficient to result in measurable plasma levels (39, 40) . Examination of the time course (Fig. 2) of Ad-shδ effects on alcohol intake revealed a main effect of day [F (12, 264) = 5.368, P < 0.001] but not treatment [F (1, 22) = 0.86, P = 0.37] and a significant treatment × day interaction [F (12, 264) = 5.925, P < 0.001]. Intake by Ad-shδ-treated rats began to decrease at day 12 but was not yet significant (P = 0.07); however, intake was significantly decreased at 14 d (P < 0.005), 16 d (P < 0.01), and 19 d (P < 0.02) after infusion compared with control rats. There were no differences between groups by day 21 (P = 0.69). Hence, consumption is reduced at the time points that encompass those at which we found mRNA and protein decreases ( Fig. 1 C and D) .
Similar changes were noted in alcohol preference, expressed as the volume of alcohol consumed relative to the total volume, with a main effect of day [F (12, 264) = 7.940, P < 0.001] and treatment [F (1, 22) = 26.127, P < 0.001] as well as a significant treatment × day interaction [F (12, 264) = 9.951, P < 0.001]. Interestingly, alcohol preference by Ad-shδ-treated rats begin to decrease at day 9 (P < 0.05), although intake was not significantly changed yet; preferences were significantly decreased at day ∼12-21 (all P < 0.001) after infusion, compared with control rats. Water intake was increased transiently at the onset and offset of the decrease in alcohol consumption (days 9, 12, and 28; P < 0.05), likely contributing to the changes in preference observed on those days. To determine whether the effects of knockdown of the δ-subunit were limited to a specific subregion of the NAc shell, the volume of virus microinfused was decreased from 1.0 μL to 0.7 μL, and infusions were made into the medial, ventral, or lateral zones of the NAc shell. To simplify consideration of temporal factors, access to alcohol under the intermittent-access procedure was changed such that a bottle of 20E was available for 24 h every other day rather than for 3 d per week. Brains were removed after the final drinking session, and the location of the viral infusion site was confirmed by visualization of GFP expression in coronal slices as in Fig. 1A (Fig. S2A) ; rats without bilateral localization of virus infusion within the targeted region were not included in the analyses. Ad-shδ virus infused into the medial shell reduced alcohol intake ( Fig. 3A) and preference (Fig. 3B) . Analysis of alcohol intake by rats treated with Ad-shδ and Ad-NSS revealed a main effect of day [F (7, 105) = 3.069, P < 0.01] and a significant treatment × day interaction [F (7, 105) = 4.870, P < 0.001] with no main effect of treatment [F (1, 15) = 1.09, P = 0.314]. Alcohol intake (in grams per kilogram of body weight) was reduced 15 d (P < 0.005) and 17 d (P < 0.001) after infusion in Ad-shδ-treated rats compared with Ad-NSS-treated rats. Preference was also decreased on the final day of measurement, as depicted in Fig. 3B , revealed by a main effect of treatment [F (1, 15) = 8.124, P < 0.05] and a treatment × day interaction [F (1, 15) = 17.726, P < 0.001; preference on day 17, control vs. Ad-shδ, P < 0.001)] but no main effect of day [F (1, 15) = 1.187, P = 0.293]. Water intake was not altered after Ad-shδ infusion in this experiment (all P > 0.05).
In contrast, there was no effect of the Ad-shδ virus on alcohol intake and preference after infusion into the ventral (Fig. 3 C  and D) or the lateral (Fig. 3 E and F) shell. Analysis of alcohol intake across each day after infusion in the ventral shell found no effect of treatment [F (1, 16) = 0.068, P = 0.80] or day [F (7, 112) = 1.17, P = 0.33] nor a treatment × day interaction [F (7, 112) = 0.41, P = 0.90; Fig. 3C ] as well as no effect of preference for alcohol on treatment [F (1, 16) = 0.456, P = 0.509] or day [F (1, 16) = 0.533, P = 0.48] nor a treatment × day interaction [F (1, 16) = 0.06, P = 0.82; Fig. 3D ]. Likewise, analysis of alcohol intake across each day after infusion in the lateral shell found no effect of treatment [F (1, 12) = 0.18, P = 0.68] or day [F (7, 84) = 1.50, P = 0.18] nor a treatment × day interaction [F (7, 84) = 2.10, P = 0.052; Fig. 3E ] as well as no effect of preference for alcohol on treatment [F ( Alter Alcohol Intake in an Intermittent-Access Paradigm. Previously, we found that reductions in GABA A R α 4 -subunit expression in the NAc core had no effect on alcohol intake (32). We likewise found that Ad-shδ microinfusion into the core did not alter al- Figs. 2-4 , "B" refers to baseline, which is defined as the average of the last 3 d before virus infusion). *P < 0.02,**P < 0.01, and ***P < 0.005 compared with Ad-NSS. Values depict mean ± SEM. cohol intake [F (7, 126) = 1.055, P > 0.05; Fig. 4A ] or preference [F (1, 18) = 0.459, P > 0.05; Fig. 4B] (Fig. S2B ).
Viral-Mediated GABA A R δ-Subunit Knockdown in NAc Shell Does Not
Alter Sucrose Intake in an Intermittent-Access Paradigm. To determine whether the effects of GABA A R δ knockdown in the NAc shell reflect alterations in consumption of preferred substances in general, the effects of virus infusion on oral sucrose intake were tested. Ad-shδ microinfusion into the medial shell of the NAc did not affect intake of a 2% sucrose solution [F (1, 118) = 0.588, P > 0.05; Fig. 4C ] or preference [F (1, 14) = 3.062, P > 0.05; Fig. 4D ] (Fig. S2B ).
Discussion
We found that reduction in the expression of the δ GABA A R subunit in the NAc decreases alcohol intake, and that this effect is localized to the NAc shell, specifically to the medial zone, but not the ventral or lateral zones, of the NAc shell. These results indicate that δ-subunit-containing GABA A Rs in the medial NAc shell contribute to the voluntary intake of alcohol at the moderate levels experienced after one or a few drinks. Although alcohol intake was reduced in two separate experiments, there was also a transient effect on water intake in the first experiment. We have not observed effects on water intake in subsequent studies; for example, both alcohol intake (in grams per kilogram of body weight) and preference are reduced 15 and 17 d after δ knockdown in the medial shell ( Fig. 3 A and B) , but water intake is not changed on those days. Although the reasons for the change in water intake in the first experiment are not clear, the first experiment used a slightly larger infusion volume (1.0 μL) than the second experiment (0.7 μL). Critically, the majority of days with reduced drinking in the first experiment were not accompanied by changes in water intake, supporting the assertion that the δ-subunit effects are selective for alcohol.
GABAergic mechanisms in the medial shell have been implicated in the intake of preferred substances; for example, microinjection of the direct GABA agonist muscimol into the NAc medial shell increases intake of sucrose (41) . However, we found no change in sucrose consumption after knocking down the GABA A R δ-subunit, as well as the α 4 -subunit (32), in the medial shell. Therefore, δ-or α 4 -containing GABA A R down-regulation is not sufficient to alter sucrose intake, although we have yet to test whether this manipulation will alter the effects of muscimol on sucrose intake. The data thus far support a selective effect of GABA A R δ and α 4 reductions for alcohol and not a general change in reward processing or ingestive processes.
Our results indicate that δ-subunit knockdown in the NAc significantly reduced alcohol consumption only when the virus was infused within the medial shell, but not within the ventral or lateral shell, or in the NAc core. The δ-subunit is expressed throughout the NAc (28). Thus, a possible explanation for the localized effect of δ knockdown is the distinct connectivity of the medial shell. Subregions of the shell receive different combinations of afferents from cortical and subcortical sources and project to different pallidal, hypothalamic, and mesencephalic targets (e. g., see ref. 42) . Especially relevant to the present study, rats will self-administer alcohol directly into the medial shell, but not the core, of the NAc (43) . Other drugs of abuse also are self-administered directly into the medial shell, including amphetamine (44), cocaine (45) , and dopamine receptor agonists (30) . These findings indicate that the medial shell in particular is involved in the reinforcing effects of self-administered drugs, including alcohol.
GABA A R δ-subunits can partner with α 4 -and β-subunits to form the α 4 βδ GABA A R isoform. α 4 βδ GABA A Rs in some brain regions are sensitive to low (1-30 mM) concentrations of alcohol (12, 14, 23) . Alcohol concentrations in this range are attained after a few drinks in humans, and they impair cognition, judgment, and motor abilities (46) . Some studies have failed to detect an effect of alcohol at α 4 βδ GABA A Rs (47) . The reasons for these discrepancies are not clear; however, issues in expressing functional δ-containing GABA A Rs (48) and/or requirements for phosphorylation signals (49, 50) may contribute. As part of an effort to address the role of α 4 βδ in vivo, we previously showed that alcohol intake and preference were decreased by reductions in GABA A R α 4 -subunit expression in the NAc shell. Thus, our current and previous findings, together with a prior study in which δ knockout mice consumed less alcohol than wild-type mice (25) , provide strong evidence that α 4 βδ GABA A Rs contribute to mechanisms mediating alcohol intake. Our findings do not, however, address whether alcohol's effects at this receptor are direct or indirect (i.e., via enhanced presynaptic release of GABA, etc.). Interestingly, GABA A R δ-or α 4 -subunit knockout mice have no alterations in acute behavioral effects of alcohol in tests of anxiety, motor behavior, analgesia, and sedation (25, 26) under normal circumstances, although alcohol's effects on anxiety in models of premenstrual syndrome do depend on α 4 βδ GABA A Rs, most likely in the hippocampus (14) . Thus, some, but not all, behavioral effects of alcohol appear to be mediated by α 4 βδ GABA A Rs. This conclusion suggests the possibility of targeting pharmacological treatments to reduce alcohol's rewarding and/or reinforcing properties. Studies of subunit expression in thalamic and hippocampal neurons indicate that δ-containing GABA A Rs are primarily extrasynaptic (51, 52) . Extrasynaptic GABA receptors have high affinity for GABA, slowly desensitize, and mediate a tonic inhibitory current that regulates neuronal excitability (17) . GABAergic tonic currents in the dorsal striatum have been measured; in the adult mouse, they are much larger in medium spiny neurons of the indirect pathway and are mediated by receptors containing the GABA A R δ-subunit (53). It thus seems likely that striatal neurons within the NAc shell also express a δ-subunit-dependent GABAergic tonic current. Although the alcohol sensitivity of tonic inhibition in the striatum has not been reported, the GABAergic tonic currents mediated by δ-containing GABA A Rs in the hippocampus (23, 24) , thalamus (54) , and cerebellum (20) are alcohol-sensitive, although those of the thalamus require higher alcohol concentrations (54) . Together, these findings lead us to hypothesize that moderate levels of alcohol produce reinforcing/rewarding effects by enhancing GABAergic tonic inhibition in the medial shell, in agreement with proposals that reductions in the excitability of NAc shell neurons may provide a reinforcement signal (55) . Therefore, one interpretation of the present study is that alcohol intake decreased as a result of a reduction in the ability of alcohol to enhance tonic inhibition in the NAc shell.
In conclusion, the current findings indicate that δ-containing GABA A Rs in the medial NAc shell play an important role in alcohol drinking behavior, strengthening the hypothesis that the α 4 βδ GABA A R in a restricted region of the NAc shell is a key brain substrate for the reinforcing properties of oral alcohol.
Materials and Methods
Animals. Male Long Evans rats (200-250 g on arrival; Harlan) were individually housed in a temperature-regulated (21 ± 1°C) and light-regulated (12 h light/dark cycle; lights on 0700 hours) vivarium, with unrestricted access to rat chow and water, except as noted otherwise. All procedures were approved by the Institutional Animal Care and Use Committee of the Ernest Gallo Clinic and Research Center.
Cloning and Preparation of shRNA Constructs. A 21-nt siRNA sequence (5′-GGACGUGAGGAACGCCAUUGU-3′) of the rat GABA A R δ-subunit mRNA was designed with the GenScript web-based program; specificity was verified by a BLAST search. A nonrelated 19-nt sequence (5′-AUGAACGUGAAUUGCU-CAA-3′) was used as a negative siRNA control (56) . For viral delivery of double-stranded siRNA, the adenoviral shuttle vector pRNAT-H1.1 (GenScript) and the adenoviral vector Adeno-X (Clontech) were used. pRNAT-H1.1 is a vector for vector-based siRNA cloning with an H1 promoter to express shRNA and contains GFP under control of the CMV promoter. For each siRNA sequence, two complementary DNA oligonucleotides, containing sense and antisense siRNA sequences with a stem-loop structure, were synthesized, annealed, and ligated into BamHI and HindIII sites of pRNATH1.1 vector following the vector cloning protocols. The pRNAT-shRNA recombinants were confirmed by sequencing before subcloning into the cloning sites of I-CeuI and PI-SceI of Adeno-X vector.
Adenovirus Production. Preparation of Ad-shδ and Ad-NSS adenoviruses was initiated by transfection of recombinant adenoviral constructs into HEK293 cells with Lipofectamine 2000 (Invitrogen). Recombinant viruses were amplified in HEK293 cells, followed by purification using Adeno-X Virus Purification Kit (Clontech). Viruses were titered based on GFP-visualized infection.
TaqMan Quantitative RT-PCR and Western Blot Analysis. Tissue punches from the medial NAc were collected 18 d after infusion with Ad-shδ or Ad-NSS.
GABA A R δ mRNA levels were determined by TaqMan quantitative PCR using a primer/probe kit (Applied Biosystems) with GAPDH as an internal control. For Western blot analysis, samples were separated by 4-12% SDS/PAGE (BisTris Gel System; Invitrogen) and transferred onto a nitrocellulose membrane (Millipore). The membrane was blocked in 5% milk in PBS containing 0.05% Tween 20 and incubated with specific primary anti-δ antibodies (1:2,000; Sigma) and then with HRP-conjugated secondary antibodies. Immunoreactivity was detected by SuperSignal West Pico Chemiluminescent Substrate (Thermo Scientific) and processed by exposure to Kodak BioMax film. The film was developed with the SRX-10A Medical Film Processor (Konica Minolta). The membrane was stripped in 200 mM NaOH at room temperature for 20 min, washed three times in PBS containing 0.05% Tween 20, and reprobed with anti-actin antibodies (1:2,000, Santa Cruz Biotechnology), which was used as an internal control. The images were scanned, and the immunoreactivity signal of proteins was quantified by densitometry using ImageJ. The intensity of the immunoreactivity of δ-subunit was normalized to actin.
Intermittent Access to Alcohol or Sucrose. Rats were given 2 d of access to a single bottle of ethanol (20E) as the only fluid available to ensure that all rats had sampled ethanol to reduce possible neophobia. For the next 10 d, rats were allowed home-cage access to 10E and tap water every other day and tap water on the alternative days. The 10E was replaced with 15E for 6 d, followed by 20E. The placement (left or right) of each solution was alternated between each session to control for side preference. The water and ethanol bottles were weighed before and after each 24-h access period. For the first experiment, after 6 wk of 20E exposure, Ad-shδ or Ad-NSS was microinfused into the NAc medial shell. Rats were allowed 5 d of recovery before resuming the intermittent-access procedure for 30 d, with ethanol available only on Monday, Wednesday, and Friday. To examine the role of specific NAc subregions, after 6 wk of 20E exposure, Ad-shδ or Ad-NSS was microinfused into the medial, ventral, or lateral zones of the NAc shell as well as the NAc core. Rats were allowed 5 d of recovery before resuming intermittent access to 20E with ethanol available every other day for 17 d. To determine whether alterations in drinking were alcohol-specific, a two-bottle preference test comparing 2% sucrose (wt/vol) and water was conducted in separate rats. After 6 wk of 2% sucrose exposure, Ad-shδ or Ad-NSS was microinfused into the medial shell. After 5 d of recovery, the intermittent-access two-bottle procedure (2% sucrose and water) was resumed for 17 d.
Surgery and Microinfusion. Rats anesthetized with isoflurane were stereotaxically infused with Ad-shδ or Ad-NSS bilaterally in the medial (relative to bregma: anteroposterior, +1.6 mm; mediolateral, ±0.78 mm; dorsolateral, −6.8 mm from dura), ventral (anteroposterior, +1.6 mm; mediolateral, ±1.3 mm; dorsolateral, −8.2 mm), or lateral (anteroposterior, +1.2 mm; mediolateral, ±2.7 mm; dorsolateral, −8.0 mm) shell or the core (anteroposterior, +1.2 mm; mediolateral, ±1.9 mm; dorsolateral, −6.8 mm) of the NAc. A stainless-steel infuser (30 gauge) connected via polyvinyl chloride tubing to a 10-μL Hamilton GASTIGHT syringe was used to infuse 0.7-1.0 μL of virus (1 × 10 10 to 3 × 10 10 transducing units/mL) at a rate of 0.1 μL/min for 7 or 10 min. After an additional 7 min, the infuser was removed, and the scalp was closed with sutures.
Histology and Immunohistochemistry. Rats were perfused transcardially with fixative (4% paraformaldehyde), then 50-μm coronal slices were cut. The area of virus infection was indicated by expression of the GFP reporter gene. Sections from two rats with virus infusion were subjected to immunohistochemistry as described (37) . Primary antibodies used were rabbit anti-GFP polyclonal antibody (Ab290, 1:10,000) with antibodies for the neuronal marker (monoclonal anti-NeuN, 1:100). Secondary antibodies for immunofluorescence were a mixture of Alexa Fluor 594-labeled donkey anti-mouse or donkey anti-mouse Cy3 conjugate (to detect NeuN) and Alexa Fluor 488-labeled donkey anti-rabbit (to detect GFP). Images were acquired by using a Zeiss confocal microscope and visualized with LSM software.
Data Analysis. Gene expression and protein data were tested with a twosample t test. Behavioral data were analyzed with two-factor ANOVA (between-subjects factor of treatment and within-subjects factor of day) followed by post hoc tests when indicated by significant (α = 0.05) main effects or interactions.
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